The aim of this study was to assess clinical conditions at onset, postprocedural neurological degradation, and outcome in a consecutive series of elderly patients treated at a single cerebrovascular center, where both microsurgical and endovascular methods were used in an interdisciplinary context. In addition, risks factors for unfavorable outcome and complication occurrence were also assessed.
Methods

Study Design
This prospective longitudinal single-center study included all consecutive patients 70 years or older treated for a ruptured cerebral aneurysm according to a joint discussion by a neurovascular team, over a 10-year period (June 1997-June 2007). Patients were identified using a prospective neurovascular database in the neurosurgery department of Rouen University Hospital. The primary objective was to evaluate functional outcome in this age group. The secondary objectives were to assess the causes of early neurological deterioration and to determine the predictive factors of unfavorable outcome. The effects on outcome of the endovascular and microsurgical approach were also assessed.
Patient Population and SAH Management
Inclusion criteria included 1) age ≥ 70 years of age, 2) aneurysmal SAH, and 3) early treatment of the aneurysm with either endovascular coiling or microsurgical clipping. The exclusion criteria were 1) admission clinical condition of WFNS Grade V, 42 2) traumatic and nonaneurysmal SAH, and 3) no treatment of aneurysm sac. By convention, Day 0 was the aneurysm rupture day.
Different key baseline characteristics were recorded before the treatment allocation was performed. After recording age and sex, the clinical condition of each patient was graded according to the WFNS classification. The causes of a poor grade were included in the database. The comorbidity condition was classified according to the Charlson Scale 7 (Table 1) . On CT scans, the bleeding severity was classified according to the Fisher classification.
14 The presence of intraventricular blood was carefully recorded and graded according to the classification of Hijdra et al. 17 The aneurysm features were determined using CT angiography and/or digital subtraction angiography as follows: 1) the location was subdivided into ACoA, ICA, MCA, and VBA; and 2) size was categorized as < 5 mm, 5-10 mm, > 10 mm, and giant.
All patients underwent routine medical treatment for SAH 36 and were monitored postoperatively in the intensive care unit.
Aneurysm Obliteration
Treatment of the aneurysm sac was carried out early-within 72 hours of the aneurysmal rupture. For treatment assignment, no standard selection criteria were used, but the neurovascular interdisciplinary team, consisting of interventional neuroradiologists (E.T., E.C.) and vascular neurosurgeons (F.P., O.L., P.F.) jointly discussed the obliteration procedure for each aneurysm. The optimal method of aneurysm treatment on a patient-by-patient basis was proposed to the patient and relatives. This was based on several factors such as clinical conditions, aneurysm characteristics, and comorbidity conditions. The treatment algorithm was based on the recommendations for SAH treatment of the French Society of Neurosurgery. 25 The basic criterion for primary intention to treat by endovascular coiling was a VBA location, and that for microsurgical clipping was an MCA location; for ACoA and ICA aneurysms, the most suitable of the 2 procedures was chosen by the interdisciplinary team.
Clinical and Morphological Assessment
For standardized documentation of early postprocedural outcome, routine cranial CT scans were obtained in each patient on 10th-12th postprocedural day. Additional CT scanning was performed early or in an emergency in cases of neurological deterioration. An independent neuroradiologist (E.G.) reviewed all the CT scans. Control angiography was routinely undertaken in each patient to evaluate the quality of aneurysm exclusion, immediately after coiling, and on Day 10-12 after clipping. According to the Raymond classification, 37 the exclusion quality was considered complete exclusion (Class 1), residual neck (Class 2), or residual sac (Class 3).
Neurological deterioration, up to 2 months postprocedurally, was defined by a lower (worse) WFNS grade after treatment, by the development of a new neurological deficit, or by a significant worsening of an existing neurological deficit. The causes of this neurological deterioration were analyzed using CT scanning, transcranial Doppler ultrasonography, cerebral angiography, and electrolytic measurements. These causes were classified into cerebral ischemia, rebleeding, and hydrocephalus.
Cerebral Ischemia. Cerebral ischemia was defined as a new CT-documented hypodense lesion compatible with the clinical features. Temporary was distinguished from definitive ischemia as, respectively, favorable and unfavorable outcome. The ischemic cause was classified, according to timing and location, into 1 of the following: 1) procedural complications, whether after microsurgical or endovascular treatment (occlusion of perforating arteries, or major cerebral arteries and their cortical branches); 2) intraoperative systemic events (junctional territory) characterized by an immediate occurrence and which nature was specified; and 3) DID (junctional territory, perforating, or major arteries).
Rebleeding. Rehemorrhage, suspected at the time of abrupt deterioration in neurological status following the initial SAH, was confirmed by an increase in the spontaneous hyperdensity on CT scans.
Hydrocephalus. Hydrocephalus suspected based on progressive deterioration of consciousness was confirmed on CT scans. Moreover, hydrocephalus was more widely studied and defined as a bithecal/bicaudate ratio (the width of the lateral ventricles in millimeters at the level of the foramen of Munro as a fraction of the transverse inner diameter of the skull at the same level). 45 Based on an easy reli-able method of ventricular dilation estimation, 13 a ratio of 6 was considered normal, 5 a moderate dilation, and 4 represented a marked dilation. Hydrocephalus was assessed on pre-and postprocedural CT scans. Hydrocephalus present on preoperative CT scans and requiring ventriculostomy was qualified as early hydrocephalus, but secondary hydrocephalus was also analyzed. The necessity of a shunt for permanent CSF diversion was recorded.
At 6 months after surgery, outcome was assessed in consultation according to the mRS 44 by an independent observer (S.R.). A binary outcome was considered to be favorable (mRS scores of 0, 1, and 2 [independent survival]) or unfavorable (mRS score > 2 [morbidity or death]). The unfavorable outcome was classified as related either to SAH (initial hemorrhage, hydrocephalus, or DID) or to procedural complications (cerebral ischemia related to procedural maneuvers, intraoperative systemic events, or rebleeding).
Statistical Analysis
Statistical analysis was performed using JMP software (version 6.0.3, SAS Institute, Inc.). Quantitative variables (age) considered as continuous variables with normal distribution are expressed as mean ± SD and the data comparing endovascular and microsurgical cohorts was analyzed using the Student t-test. Categorical variables (sex ratio, WFNS grade, Fisher grade, topography and size of the aneurysms, mRS score, and causes of unfavorable outcome) considered as nominal variables were expressed in proportions with a 95% CI. The comparison between endovascular and microsurgical cohorts was analyzed using a contingency table with the Pearson chisquare test or Fisher exact test for small samples.
Some variables were dichotomized into binary variables by age ≤ 75 or > 75, by severe comorbidity index , by poor grades (WFNS Grade III-IV, Fisher Grade 4, and Hijdra Grade 2-3) or good grades and whether there was external ventricular derivation. The significance was considered at a value of p < 0.05. A multivariate logistic regression model included unfavorable outcome as the dependent variable. The initial model fit contained admission variables (age, comorbidity, preoperative clinical condition, and Fisher grade), aneurysm characteristics (size and location), and hydrocephalus. Odds ratios and 95% CI were calculated for each predictive variable.
Results
Baseline characteristics obtained in the 64 patients comprising our population are reported in Table 1 according to the procedure of aneurysm obliteration. Eleven percent of the patients were treated during the first decade of 2000. There was no significant intergroup imbalance with regard to sex, comorbidity index, WFNS grade, causes of poor WFNS grade, extent of bleeding on admission CT scan, hydrocephalus rate, quality of treatment, neurological deterioration, and functional outcome at 6 months.
Nevertheless, some differences existed between the 2 cohorts. The mean age was significantly higher for the endovascular cohort. The proportion of patients with WFNS Grade III-IV related to IPH in the microsurgical cohort was higher. Regarding aneurysm location, the endovascular coiling was the predominantly used procedure for ACoA and VBA aneurysms, and all the MCA aneurysms were clipped. With regard to aneurysm size, the microsurgical clipping was the procedure of choice for those with a sac > 10 mm.
Postprocedural Neurological Deterioration
During the management of these 64 patients, postprocedural neurological deterioration occurred in 30 patients (46.9%). The causes were ischemia in 19 patients (29.7%), rebleeding in 1 (1.6%), and hydrocephalus in 10 (15.6%).
The ischemia was temporary in 3 patients (microsurgical or endovascular maneuvers in 2 and DID in 1) and definitive in 16. The cause was procedural in 12 patients (18.7%), occurring in 6 after endovascular coiling and 6 after microsurgical clipping. A DID was implicated in 5 patients (7.9%) and an intraoperative ischemic event in 2 (3.1%). The intraoperative ischemic events were immediate postoperative junctional ischemia occurring after shunt implantation at a distance from the endovascularly coiled aneurysm, despite a good outcome in 1 patient, and after microsurgical clipping in another. The univariate analysis showed that the ischemia was significantly related to age (p = 0.05, Student t-test) and comorbidity (p = 0.01, Pearson chi-square test), but it was not associated with the other characteristics such as the WFNS grade, extent of bleeding on CT scan, aneurysm features, and obliteration procedure.
Rebleeding occurred in 1 patient (1.5%) on the 7th day after aneurysm embolization, and this event was responsible for the patient's death.
Hydrocephalus was responsible for postprocedural deterioration in 10 patients. Hydrocephalus in fact occurred in 34 patients (53.1%) at an early stage after treatment. In 30 patients (46.9%) a CSF diversion procedure, by external ventricular drainage, was required (mean interval 0.92 day, 95% CI 0.24-1.61 days). In 20 patients (31.3%), a ventriculoperitoneal shunt was implanted (mean interval 44.2 days, 95% CI 29.5-58.4 days). Univariate analysis showed that the shunt implantation was significantly associated with age (p = 0.02, Student t-test), poor WFNS grade (p < 0.001, Pearson chi-square test), severe Fisher grade on CT scan (p < 0.001, Pearson chi-square test), severe-grade IVH (p < 0.001, Pearson chi-square test), Evans index (p < 0.001, Pearson chi-square test), and the proportion of temporary diversion by external ventricular drainage (p = 0.001, Pearson chi-square test). In contrast, the shunt implantation was not associated with comorbidity index, aneurysm location, or procedure of aneurysm obliteration. On multivariate logistic regression, the single factor related to the need for shunt implantation was the presence of IVH (OR 3.54, 95% CI 0.6-20.4).
Outcome and Predictive Factors
At 6 months, the outcome was favorable in 39 patients (60.9%). In the 25 patients (39.1%) with an unfavorable outcome, the diagnosed causes were related to SAH in 12 patients (18.8%) and procedural complications in 13 (20.3%). Subarachnoid hemorrhage induced an unfavorable outcome because of the severity of initial bleeding in 8 patients (12.5%) and DID in 4 (6.3%). Procedural complications occurred during the obliteration procedure in 10 patients (15.6%), rebleeding in 1 (1.6%), and intraoperative systemic event in 2 (3.1%).
The relationships between independent variables and the outcome (dependent variable), according to univariate logistic regression, are detailed in Table 2 . The 4 variables significantly related to the unfavorable outcome were age, poor WFNS grade, neurological deterioration, and the occurrence of ischemia. The other variables such as the extent of bleeding on CT scan, aneurysm characteristics, ventricular drainage, and obliteration procedures were not associated with the functional outcome. By multivariate nominal logistic analysis, the independent factors associated with unfavorable outcome were age exceeding 75 years (p = 0.005), poor WFNS grade (p < 0.0001), and the occurrence of ischemia (p < 0.0001).
Discussion
In this prospective series of 64 elderly patients whose treatment was governed by an interdisciplinary context (53.1% underwent microsurgical clipping and 46.9% underwent endovascular coiling), early neurological deterioration occurred in 30 (46.9%). Associated with an unfavorable outcome at 6 months in 25 patients (39.1%), the independent factors were age exceeding 75 years, poor initial WFNS grade, extent of bleeding on CT, and occurrence of ischemia. Moreover, the procedure of aneurysm obliteration (coil or clip treatment) chosen by the neuro- vascular team was not one of the statistically significant independent factors influencing outcome.
Limits of Methodology
In this observational, nonrandomized, prospective study, several limitations should be considered. Despite the consecutive feature of this cohort, its representativeness may be questioned. Indeed, the elderly patients with a good clinical status, as well as those with a curable cause (hydrocephalus and epilepsy) responsible for poor initial clinical status analyzed by telemedicine, were recommended to our regional reference center. This view may account for the high proportion (40.7%) of poor-grade patients with a favorable outcome at 6 months. A second limitation was that patients were recruited over a long period. However, the aneurysm treatment had not changed during this period because the embolization intervention-Guglielmi detachable coils-was originally introduced in our department in 1995. Obviously, the 2 treatment groups could not be compared because of the selection bias, which was the choice of procedure decided by the neurovascular team according to the aneurysm characteristics. Finally, adverse events such as epilepsy, infection, and pulmonary complications were not reported in our study.
However, the clinical relevance of the present study may be considered. The follow-up and evaluation bias were reduced. The same follow-up examination was applied in each group. An independent neuroradiologist (E.G.) and an independent neurosurgeon (S.D.) evaluated hydrocephalus and ischemia occurrence and outcome (mRS score). We have focused our study on the ischemic consequences and alterations in CSF circulation. Moreover, this large consecutive cohort illustrated the interdisciplinary approach as a management proposition in the elderly with aneurysmal SAH and allowed us to analyze the outcome in each arm. The findings from this cohort may be extrapolated to elderly patients with aneurysmal SAH managed by a neurovascular team.
Neurological Deterioration and Outcome
Early neurological deterioration-a frequent observation during SAH management in elderly individualscomprises a set of events related to not only the obliteration procedures but also to SAH itself. Scarcely described in the literature, the analysis is primarily focused on the procedure-related complications, 6, 27, 34, 38 which is estimated at approximately 18% regardless of the obliteration procedure. In our series, the rate of ischemic procedurerelated complications was similar (18.7%), but the postprocedural neurological deterioration was related to other factors such as ischemia associated with a DID or intraoperative systemic events in 11%, rebleeding in 1.6% after endovascular coiling, and hydrocephalus in 15.6%.
The ischemic risk, in elderly patients, during the management of a ruptured aneurysm is high despite the proposed procedure. Its occurrence is a determining factor for outcome. Whether endovascular coiling or microsurgical clipping is used the rate of thromboembolic complications in elderly is increased in comparison with younger patients. 5, 35, 40, 46 Also, the incidence of DID is higher in older age groups 19, 24 despite a reduction in the incidence of angiographic vasospasm. 28, 49 Morphological and hemodynamic alterations related to aging may explain this neurovascular susceptibility. The tortuosity of the vascular system in elderly individuals increases the difficulty of safely reaching the targeted aneurysm. The advanced arterial atheroma exposes patients to embolic migrations and arterial tear during the endovascular approach or clip application. Moreover, several hemodynamic changes related to age, such as the reduction of cerebral blood flow 30,31,43 and lower cardiac output, 39 explain the absence of compensatory reserve and the susceptibility to reduced blood flow. Indeed, all the factors reducing blood flow may contribute to inducing ischemia. The procedural maneuvers may affect low regional cerebral blood flow not only in microsurgery, by temporary clipping, intraoperative aneurysm rupture, or retraction, but also in the endovascular approach, by a blocked catheter or a remodeling procedure. Systemic events, such as intraoperative hypotension or physiological derangements after SAH, may play a role in immediate or secondary ischemia occurrence.
The hydrocephalus after aneurysmal SAH in the elderly, more common than in younger patients, 10, 11, 16 has been reported to occur in 55% of patients. 13, 50 By using the same radiological criteria described by Ferch et al., 13 the incidence of hydrocephalus in our series reached a similar value of 53.2%. Several hypotheses have been proposed to explain this higher rate: 1) an atrophy-related larger subarachnoid space may result, after a large accumulation of blood, in increased arachnoid granulation change; 2) constitutional ventricular size makes patients more susceptible to hydrocephalus; and 3) CSF circulation time is prolonged due to a reduction of secretion resulting in CSF stagnation. All of these characteristics contribute to leptomeningeal fibrosis disrupting absorption into pacchionian granules 12 and various degenerative changes in the parenchyma altering subcortical microcirculation 2 where the CSF is absorbed by capillaries via the extracellular space. 29 Despite a similar occurrence, our proportion of shunt implantation was lower (29.8%) than that reported by Ferch et al. (44% of survival rate) but higher than that in the global population, where the proportion of implanted shunt has been calculated at approximately 20%.
11 Shunt implantation was significantly related to bleeding severity, ventricular contamination, degree of ventricular dilation, and the necessity for temporary CSF diversion. The neurological deterioration related to the hydrocephalus may occur at a later stage as it did in the Ferch et al. study in which 7% of patients with hydrocephalus required a shunt more than 6 months following SAH.
From various retrospective series on aneurysmal SAH in the elderly published over the past 15 years, the rates of favorable outcome varied from 50.7 to 63.3% after microsurgical clipping 8, 15, 18, 23, 47 and from 54 to 78.7% after endovascular coiling. 4, 6, 26, 40 The single difference, when elderly patients were compared with younger patients included during the same period, was that the elderly cohort with a poor grade had a less favorable outcome than the younger patients. 4, 20, 21, 24 Nevertheless, outcome in 20-40.7% of the elderly with a poor clinical status evolved favorably. This result underlined for us the necessity of careful analysis of each patient despite the initial grade and age. After interdisciplinary treatment, our 6-month rate of favorable outcome (60.9%) was similar to that reported in the literature. Age, initial clinical status, and ischemia occurrence were the independent predictive factors. To improve outcome, management should specifically target the reduction of ischemia.
Aneurysm Obliteration in the Elderly Patient
The increase in procedural complication related to aneurysm obliteration with aging ranges from 5% in younger patients to 35% in those exceeding 70 years of age.
46
Studies over the past decade suggest an indiscriminate use of endovascular occlusion in this population to avoid the consequences of the craniotomy and the aneurysm dissection. This strategy is only based on observational studies, 1, 3, 4, 6, 22, 26, 33, 34, 40, 41 advocated by endovascular neuroradiologists, as well as the reported results, which have been very effective. Nevertheless, when compared with younger patients, the more frequent procedural complications in the elderly has varied between 9 and 21.4%. The benefit of endovascular coiling versus microsurgical clipping for treatment of a ruptured aneurysm in the elderly has not been demonstrated in a large randomized study. In subgroup analyses from ISAT (International Subarachnoid Aneurysm Trial), 32 a risk ratio of 1.15 (95% CI 0.82-1.61) was reported in favor of microsurgical clipping in patients older than age 70 years in contrast to the other age groups. A secondary analysis based on the ISAT population, which was recently published, 38 showed the superiority of endovascular coiling for ICA and ACoA aneurysms and microsurgical clipping for MCA aneurysm.
Decreasing the rate of postprocedural ischemia should improve the proportion of favorable outcomes in the elderly population. The interdisciplinary approach permits adaptation to the optimal procedure tailored to each patient for each aneurysm. Aneurysm accessibility and its morphological characteristics should be taken into account to minimize the ischemic risk, which should guide the neurovascular team in the choice of procedure. If the functional results after interdisciplinary discussion are similar to those reported in the endovascular observational series, the quality of life at 6 months remains to be determined. For these reasons, a multicenter randomized clinical study (FASHE study) is ongoing, in France, to assess aneurysmal SAH in patients older than 70 years of age, financed by the Ministry of Health (www.clinicaltrial.gov).
Conclusions
In our series, at 6 months, the proportion of patients older than age 70 years with favorable outcome after ruptured cerebral aneurysm treatment was 60.9% despite a postprocedural occurrence of neurological deterioration in 46.9%. The procedure of aneurysm obliteration (coil vs clip), decided by the neurovascular team, was not considered a statistically significant independent factor. Moreover, this did not influence outcome, in contrast to age exceeding 75 years, poor initial clinical grade, and ischemia. As previously mentioned to improve the outcome, obliteration management should specifically target the reduction of ischemia. If patients are carefully selected and individually assigned to their optimum treatment procedure to minimize the ischemic risk, the interdisciplinary approach could be considered useful.
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